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of the simultaneous reaction was that the mobility was enhanced over that of pure lignin.
The fact that the oxidized lignin and the hydrated lignin have similar mobility rates, although the oxidized lignin was definitely dehydrated prior to testing, might indicate that the simultaneous reaction exposes a group or groups that are also exposed when hydrated. It should be remembered that the oxidation occurred when lignin was essentially in solution. The obvious conclusion, however, would be that the enhancement of mobility resulted directly from the simultaneous reaction. The exact nature of this reaction is not clear. Mattson Further study of the properties of the partially purified enzyme showed that the pH for optimum activity was 6.5 to 7.5. A concentration of 10-2 M and 10-3 M potassium cyanide in reaction mixtures inhibited the activity 83 % and 4%, respectively. Sodium azide concentrations of 10-3M and 10-4M inhibited 81 % and 38 %, respectively, and 104 M cupric sulfate inhibited 41 %. "Nitrite reductase" assays (3) on ammonium sulfate fractions and calcium phosphate gel eluates showed no nitrite disappearance during 10-minute incubations. Homogenates, however, consistently exhibited "nitrite reductase" activity.
Assays of nodule homogenates from four different leguminous species (table I) indicate that a nitrate reductase is present in all samples tested. It is interesting to observe the high activity of nodule homogenates from plants grown in sand cultures without combined nitrogen. The high specific activity of the washed bacteria is strong evidence that the enzyme is associated with Rhizobium cells rather than higher plant cells. This conclusion is supported by the fact that the original supernatant liquid from the homogenate (containing 10 mg protein per ml and practically all the hemoglobin from the nodules) was completely devoid of nitrate reductase. It was essential to grind the bacterial cells in alkaline buffer in order to obtain the enzyme in solution.
The results with crude homogenates do not permit definite conclusions regarding coenzyme specificitybut those with cell free extracts of soybean nodules are clear. By the use of acetone powders of soybean nodules some evidence was obtained that a weak TPNH nitrate reductase was present. These experiments however require further confirmation.
Perhaps it is worthy of note that washed cells from a pure culture of Pseudomonas solanacearum E.F.S.
(kindly supplied by Dr (3) , and soybean nodules, and the fact that molybdenum deficiency in either higher plants or fungi (7) results in nitrate accumulation, it seems highly probable that molybdate is essential for all three nitrate reductases. It is well established that molybdenum is necessary for the utilization of nitrates by legumes (1, 6) and that an increased supply is required when leguminous plants are forced to utilize atmospheric nitrogen. Jensen (4) has reported that nodules from alfalfa contain 5 to 15 times higher concentrations of molybdenum than roots of plants. These observations have been confirmed by analyses in our laboratory. Also molybdenum analyses of various fractions of peanut and soybean nodules have revealed that suspensions of bacterial cells contained 2 to 3 times greater concentrations of molybdenum per mg of protein than hemoglobin extracts of nodules which were devoid of nitrate reductase. In relation to the inhibition of nodule nitrate reductase by cupric salts it is interesting to consider experimental results (unpublished experiments by the author) with inoculated Ladino clover grown in pot cultures of soil without combined nitrogen and with various levels of copper and molybdenum. Fifty pounds of cupric sulfate per acre reduced yields to one third that of controls but the same amount of cupric sulfate with 5 pounds of sodium molybdate per acre caused no significant reduction in yield.
There seems to be sufficient indirect evidence to consider the possibility of a role of nitrate reductase in nitrogen fixation as well as in nitrate metabolism. It is necessary to postulate an oxidative step as the initial reaction in nitrogen fixation in order to visualize a possible role of this enzyme in the nitrogen-fixing process.
SUMMARY
Cell free extracts of soybean nodules have been prepared which catalyze the reduction of nitrates to nitrites in presence of reduced diphosphopyridine nucleotide. The enzyme activity is strongly inhibited by sodium azide and cupric sulfate and weakly inhibited .by potassium cyanide. Initial purification procedures have resulted in a five-fold increase in specific activity. It was shown that nitrate reductase is present in all of the eleven samples of nodules tested, from four different legume species. Results are discussed from the standpoint of the requirement of molybdenum for both nitrate reduction and nitrogen fixation, and it is concluded that there is ample indirect evidence to consider the possibility of a role of nitrate reductase in nitrogen fixation.
LITERATURE CITED In the course of an experiment in which plants were grown under various alternations of light and darkness, it was found that some plants grown under conditions which deviated too greatly from a 24 hour cycle of 12 hours light and 12 hours darkness were inhibited in their growth.
Sunflowers, peas, and tomatoes were grown from seed under cycles of 6 hours of light-6 hours of darkness, 12 hours of light-12 hours of darkness, and 24 hours of light-24 hours of darkness. The plants were grown in vermiculite at 23'C and about 1000 fc of artificial light from warm white fluorescent lamps supplemented with light from incandescent bulbs. In a 48 hour period all plants received the same quality and quantity of light.
The most striking effects were those on the growth of the tomato plants (fig 1) . The peas showed some inhibition of growth in the 6-6 and the 24-24 hour regimes as compared to the 12-12 hour treatment, but the sunflowers were not significantly affected. Garner and Allard (3) have shown that short alternations of light and dark inhibit the growth of many plants. Arthur, Guthrie, and Newell (1) found that tomato plants were extremely sensitive to long day length and will not survive under continuous illumination. The leaf injury symptoms reported by these authors are similar to those observed here-small, stiff, yellow leaves with dark necrotic spots. In addition it was noted that the number of nodes per plant was not significantly reduced by the abnormal light-dark treatment. Arthur et al found that the injury to the tomato plants was not due to an excessive accumulation of carbohydrates, and considered it to be due to a breakdown of the photosynthetic process. However, the results reported here were obtained with plants receiving equal quantities of light in every 48 hour period so that if photosynthetic mechanisms are involved, they must be sensitive to some superimposed periodic phenomenon.
BTinning (2) The effect which light-dark periodicity has on the growth of tomato plants might well be explained on the basis of Bunning's hypothesis. Thus plants grown in the 6-6 and the 24-24 hour regimes would receive light during all or some portion of the scotophile phase, if the tomato has an endogenous daily rhythm of 24 hours (fig 2) . That the tomato does have such a rhythm is shown by such a phenomenon as diurnal rhythms in bleeding (4) . Continuous light should have the same effect as the alternation of light and dark periods in the and the 24-24 hour regimes, since any light period in excess of about 16 to 18 hours
